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ABSTRACT
INVESTIGATION OF PROPERTIES OF AGAROSE GEL EMBEDDED WITH GOLD
NANOPARTICLES
Poojitha Griddhati, M.S
Department of Electrical Engineering
Northern Illinois University, 2015
Dr. Ibrahim Abdel Motaleb Co-Director
Dr. Suma Rajashankar Co- Director
The main objective of this thesis is to incorporate gold nanoparticles into agarose and
measure the properties. Not much work is done in this field to incorporate nanoparticles into
polymers for studying the optical and dielectric properties. The incorporation of gold nanoparticles
is done using three methods. The first method includes the reduction of tetrachloroaurate
trihydrate using agarose. The second method involves the addition of agarose to tetrachloroaurate
trihydrate and reduces the composite with trisodium citrate. The third method involves the
preparation of gold nanoparticles by citrate reduction method and then addition of agarose powder
to make the colloidal gold solution to become gel. Nine samples were prepared using three
methods. The transmission electron microscopy images revealed that gold nanoparticles
agglomerate and form clusters in the gel due to the presence of two reducing agents and high pH
citrate. Through aging analysis, the optical properties showed the shift in peaks and the formation
of secondary peaks due to clusters in some samples. The electrical properties showed that the
impedance decreases with time and capacitive reactance is indirectly proportional to frequency.
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Chapter 1
Introduction to Nanotechnology
1.1 Nanotechnology
The branch of technology that deals with dimensions and tolerances of less than 100
nanometers, especially the manipulation of individual atoms and molecules, is called
nanotechnology. Nanometer means billionth of a meter, i.e., 10-9 of a meter. The application of
nanoscience is used across such areas as biology, engineering, chemistry, material sciences and
physics. As the world is moving from the study of big molecules to the study of their atoms, every
emerging field needs nanotechnology. It has the ability to control every single atom of a
compound which we cannot view with our naked eye.
The history of nanotechnology is always an object of skepticism. Some people believe that
the rise of the scientific field was in the dark until the late 1980’s, but some people have held that
the history of nanotechnology began in 1959. Richard Feynman, a physicist, gave a talk on how
scientists can manipulate atoms in 1959. Thirty years later, when the ultra-precision microscopes
were invented, Professor Norio Taniguchi coined the name nanotechnology in 1981. Following
the invention and development of scanning tunneling microscope and atomic force microscope,
which can show individual atoms, was the age in which modern nanotechnology was born and
evolved.
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Nanotechnology is a foreseen production science that allows the long-accepted move
towards smaller materials. As the material size shrinks, the properties of the material also change.
Scientists are perceiving a wide variety of ways to consciously make nano-sized materials to so as
to benefit from their intensified properties such as light weight, great strength, reactivity with the
other chemicals and the effect of light on them are so different from their large equivalent parts. As
the materials go down to the nanoscale, they differ chemically, physically and biologically.
Although contemporary nanoscience and nanotechnology are entirely new, nano sized materials
have been used for centuries. Different-sized nanoparticles of the same material generated the
different colors of attractive art work on the stained glass years ago, though the artists didn’t know
that nanotechnology was what created that. Even though nanotechnology came to light in the 20th
century, it is still a fresh field, emerging further every day.

1.2 Types of Nanoparticles
An extensive variety of nanoparticles which are mostly made of metals exist either with
organic or inorganic composition (Figure 1.1). Nanoparticles are classified in six categories:
1.

Fullerenes are the crystalline forms of carbon with hollow spheres in the middle. These
can be bonded with organic or inorganic compounds to form diverse products. These are
used for storing gases like methane and oxygen, solar and lithium batteries, additives for
plastics and rubber, and treatments for AIDS.

2. Carbon nanotubes are the pure forms of carbon. They are formed by cylinders of
graphite (a form of carbon) sheets in two or more layers with a diameter of 0.7nm. They
are good conductors of heat and thermally stable. They are extensively used as polymer
composites for the storage of hydrogen.
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3. Metal nanoparticles are mainly composed of gold, silver, copper, platinum and iron.
They are used for sensing, drug delivery and imaging.
4. Ceramic nanoparticles are composed of inorganic and non-metallic materials. They are
more stable and cheaper than most other nanoparticles. They are used in aerospace,
packaging science and mining.
5. Semiconductor nanoparticles or quantum dots are made of groups II and IV or groups
III and V of the periodic table. They are used for high-resolution screening, drug vectors,
and solar batteries. They show very distinctive optical and electrical properties.
6.

Polymeric nanoparticles are composed of polymers. They have recently been used for
drug delivery in specific tissues. They are also used in place of DNA in gene therapy.

Nanoparticles can be naturally occurring, incidental or engineered. The engineered
nanoparticles can be made to fit requirements of shape and size.
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Figure 1.1 Different types of nanoparticles.

1.3 Introduction to Gold Nanoparticles
Gold nanoparticles are the well-matched nanomaterial for the preparation of the nanoplatfoms designed for the sensing devices. Gold nanoparticles are also called as gold colloids. The
distinctive properties of the gold nanoparticles have been attractive to the present research fields.
They have very unique optical, chemical, electrical and biological properties. Gold has many
advantages over other metals. Some of the advantages are:


High stability



Good electrical and thermal conductivity



Capability to resist corrosion



More stable against oxidation
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Bio-compatible

1.4 Synthesis of Gold Nanoparticles
There are so many methods to prepare gold nanoparticles. One of the methods is the citrate
reduction method [1-4]. First, a proper molar concentration solution of tetrachloroaurate trihydrate
and trisodium citrate is prepared. The molar concentrations are prepared by using the formula:

𝐶=

𝑚
1
×
𝑣
𝑀𝑊

C is the molar concentration (mol/lit) and the units are molar or M.
m is the mass or weight of solute and the units are grams.
v is the volume of solution in liters.
MW is the molecular weight of the solute and the units are gram/mole.
The desired concentrations of the tetrachloroaurate trihydrate and trisodium citrate are
prepared. Then the tetrachloroaurate trihydrate solution is placed in the Erlenmeyer flask and
heated on hot plat with magnetic stirrers in it. When the temperature reaches 970 C and the solution
starts to boil, trisodium citrate solution is added drop by drop using 1ml pipette. The auric acid
solution is initially pale yellow in color, gradually changing to pink, purple and finally to ruby red
(Figure 1.2). Thus is shown the formation of gold nanoparticles. This is also called the synthesis of
gold nanoparticles by citrate reduction method.
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Figure 1.2 Synthesis of gold nanoparticles (color variations).

1.5 Properties of Gold Nanoparticles
1.5.1 Chemical Properties
The chemical reactions taking place with the preparation of gold nanoparticles are shown
in Figure 1.3.
The reaction between tetrachloroaurate trihydrate HAuCl4.3H2O and trisodium citrate
Na3C6H5O7.2H2O is
2HAuCl4 + 3 C6H8O7 [Citric acid]

2 Au + 3C5H6O5 [Ketoglutaric acid] +8HCl +
3 CO2

The gold reacts with citric acid and produces gold ions and 3-ketoglutaric acid. The negative OH
group from ketoglutaric acid binds around the gold ions forming the gold nanoparticles.
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Figure 1.3 Chemical reactions for the preparation of gold nanoparticles.

1.5.2 Optical Properties
The efficiency of gold nanoparticles absorbing and scattering light is very high. Due to
their conductive nature, the electrons of gold become excited because of the strong interaction with
the light and undergo oscillations at a specific wavelength, which is called surface plasmon
resonance. The absorption and scattering potencies of gold nanoparticles are very high due to
surface plasmon resonance when compared to other nanoparticles which are not plasmonic. The
optical properties of the gold nanoparticles can be altered by controlling the size of the particle,
particle shape and the refractive index at the particle surface. The ultraviolet-visible spectroscopy
is used to measure absorbance and reflectance in ultraviolet and visible regions (Figure 1.4). The
light in visible and around infrared and ultraviolet regions is used to excite the electrons of the
chemicals.
The absorbance and scattering of light depends on the diameter of the spherical gold
nanoparticles. The spheres of smaller diameters absorb light and have peaks at lower wavelengths.
The larger diameter spheres do a larger amount of scattering and shift towards larger wavelengths
and, significantly, the peaks are broadened. Due to the transversal and longitudinal resonances, the
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particles with more than 100nm have broader peaks. The absorption peaks can be seen from
500-600nm wavelengths for nanoparticles [5].

Figure 1.4 Ultraviolet spectroscopy for different sized nanoparticles.
The particles agglomerate and share their conductive electrons with the neighboring
particles and become delocalized (Figure 1.5). The absorption peaks shift to the longer
wavelengths or secondary peaks will be formed at longer wavelengths due to this. This also shows
the stability of the gold nanoparticles.
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Figure 1.5 Absorption peaks for individual and agglomerated particles.

1.6 Application of Gold Nanoparticles
There is a wide range of applications for gold nanoparticles. They include:
1. As the world is shrinking down to nano size in the electronic field, the demand for
nanoparticles is increasing. The gold nanoparticles are used as the connectors for
conductors, resistors and other electronic components on the chips. They are also used for
printable inks.
2. Gold nanoparticles are sent inside the human body into tumors, and as infra-red light is
applied at that area, the nanoparticles absorb the light and excite and release heat which
will kill the tumor. This is called hyperthermia therapy.
3. Gold nanoparticles are used in colorimetric sensors to check if the food can be consumable.
4. The gold nanoparticles have the property of scattering light and giving rise to a range of
colors which are used for biological imaging applications.
5. Gold nanoparticles can be used for biological labelling.
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6. Gold nanoparticles can uncover the biomarkers in identification of heart diseases and
tumor detection.
7. Gold nanoparticles can be used as catalysts to alter the reactions.

1.7 Limitations of Gold Nanoparticles
1. As the cost of gold is high, so the devices made with gold nanoparticles are also expensive.
2. Nanoparticles can be inhaled by humans because of their size and their effects are not
visible for a long time.
3. During the hyperthermia therapy, nanoparticles sent inside the body can also affect the
healthy tissues of the body.
4. As the gold nanoparticles formed with citrate are not stable, we must either use strong
reducing agents or stabilizing agents to make them stable, both of which can be harmful to
the human body when sent inside the body for drug delivery.

Chapter 2
Agarose Hydrogels
Agarose is a polysaccharide polymer. It is derived from seaweed. It is a linear polymer with
recapitulation of agarobiose. Polysaccharide is many disaccharides together. Agarobiose is a
disaccharide produced from D-galactose and 3,6-andhydro-L-galactopyranose. Agar is a
component made mainly from agarose and agaropectin. Agarose is obtained through the
purification of agar and taking agaropectin out from it. The residual component will be only
agarose.

2.1 Structure of Agarose
Many disaccharide molecules are linked together to form the polysaccharide of agarose
polymer. The agarose chains are formed with 800 molecules of galactose. The agarose chain fibers
are helical in shape and form inside a coiled structure of radius 20-30 nm. The length of the chains
depends on the concentration of the agarose. When the agarose becomes gel by solidifying, the
three dimensional meshes of radius 25nm to 100nm are formed based on the concentration of the
agarose. Hydrogen binds the three dimensional mesh channels and when the gel is heated to return
to liquid phase, the hydrogen bonds get disrupted and thus they become the liquid.
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Figure 2.1 Structure of agarose polymer.

2.2 Properties of Agarose
Agarose is a white powder which dissolves in water at some boiling temperatures. When
the semi-liquid cools down, it becomes gel. Agarose has the property of gelling and melting at
different temperatures. The gelling and melting temperatures depend on the concentration and type
of agarose. The ideal agarose gelling temperature ranges from 34-380C and the melting
temperature ranges from 85-900C. If the gel is made to stand for certain time, then the liquid in the
gel is expulsed. This technique is called as syneresis.

2.3 Applications of Agarose
Agarose is used to separate DNA by electrophoresis [6]. The electrophoresis technique
used to separate the macromolecules is based on size in microbiology. The negative charge applied
will make proteins to move towards positive charge. The agarose in (semi-liquid state) is stained
with ethidium bromide to visualize the DNA movement in the gel under the UV light (Figure 2.2).
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Figure 2.2 DNA migration in electrophoresis.
The agarose is cast into the tray and wells are created in the agarose by inserting a comb.
After allowing the gel to harden, the inserted comb will be taken out to get the wells. The ladder is
put in one of the wells for the reference and other wells with DNA. When a voltage of 90-120V is
applied, the negatively charged molecules move towards positive charge by sieving through the
pores of the agarose. The shorter the molecule, the faster it moves. Different sizes of the DNA get
separated in the gel. The band formed in the gel which is visualized under the UV light is
compared with the movement of the ladder. The other applications of agarose are for the
purification of protein, for the solid culture media and motility assays.

Chapter 3
Study of Gold Nanoparticles Incorporated into Agarose Gel
Gold nanoparticles are incorporated into the agarose gel in different methods. Gold
nanoparticles can be incorporated either by preparing gold nanoparticles and gel separately or
preparing them together.

3.1 Incorporation of Pre-Prepared Gold Nanoparticles and Gel Method
1. Prepare the gold nanoparticles separately [7].
2. Prepare the gel with agarose powder by dissolving it in water and heating it till it becomes
a clear liquid.
3. Allow the gel to sit for 90 days in glass vials.
4. By using the razor blade, cut the gel into small slices of required thickness.
5. Immerse the gel in ethanol and then methanol to get the water out of the gel.
6. Put the gel in gold nanoparticles solutions till the gel absorbs entire solution. The gold
nanoparticles are incorporated into the gel by absorption of gold nanoparticles by the gel
and the networks are formed (Figure 3.1).
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Figure 3.1 Network formed by incorporation of pre-prepared gold nanoparticles and
agarose gel [7].

3.2 Limitations of Incorporation of Pre-Prepared Gold Nanoparticles and Gel
Method
The gold nanoparticles are not mono-dispersed in the network. The pores of the agarose gel
are blocked by the clusters of the gold nanoparticles, so that the DNA cannot migrate in the gel in
electrophoresis. As the resistance can be measured with the porosity of the gel, all the pores are
blocked in this method which could not give any information about the conductivity of the
incorporated network. There are chances of gel getting saturated with absorption of more colloidal
gold solution. To overcome all these limitations, new techniques are proposed and implemented:
preparing gold nanoparticles with agarose by mixing them together while preparation and mixing
the pre-prepared gold nanoparticles with agarose while preparing the gel.

3.3 Proposed Technique of Incorporation of Gold Nanoparticles into Agarose Gel
The technique involves gold nanoparticles incorporation into agarose gel in three different
ways.
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3.3.1 The First Method of Incorporation
This method involves the preparation of gold nanoparticles by reduction with agarose.
Usually the gold nanoparticles are prepared by reducing either hydrogen tetrachloroaurate
trihydrate HAuCl4.3H2O or hydrochloroauric acid HAuCl4 by strong reducing agents like
trisodium citrate or sodium borohydride. But in this method, only agarose is added as a reducing
agent to tetrachloroaurate trihydrate HAuCl4.3H2O to see the results.

3.3.1.1 Process Flow of First Method

Figure 3.2 Process flow for method 1.
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3.3.1.2 Step-by-Step Procedure
1. The required concentration of 100ml tetrachloroaurate trihydrate HAuCl4.3H2O is
prepared by using the formula given below:
𝐶=

𝑚
1
×
𝑣
𝑀𝑊

2. Weigh the desired amount of agarose powder and mix in the tetrachloroaurate trihydrate
solution.
3. Transfer the composite to the 250ml Erlenmeyer flask.
4. Add magnetic stirrers to the flask.
5. Place the flask on the hotplate with medium heat and turn on stirrer.
6. After certain amount of time, the solution turns ruby red indicating the formation of gold
nanoparticles in agarose.
7. The medium heat doesn’t allow the water in the solution to evaporate.
8. Turn off the heat and stir on the hotplate.
9. Allow the solution to cool down below the room temperature.
10. Gradually the solution starts gelling and becomes a soft gel.

3.3.2 The Second Method of Incorporation
The second method involves the gold nanoparticles incorporation by reducing the
tetrachloroaurate

trihydrate

HAuCl4.3H2O

with

both

agarose

and

trisodium

citrate

Na3C6H5O7.2H2O. The tetrachloroaurate trihydrate is strongly reduced using both agarose and
trisodium citrate. The expected result from this method is the size of the gold nanoparticles formed
should be lower in size when compared to the first method.
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3.3.2.1 Process Flow of Second Method

Figure 3.3 Process flow of second method.

3.3.2.2 Step-by-Step Procedure of Second Method
1. Prepare the desired concentrations of tetrachloroaurate trihydrate HAuCl4.3H2O and
trisodium citrate Na3C6H5O7.2H2O by using the molar concentration formula.
2. Transfer 100ml of HAuCl4.3H2O solution into the 250ml Erlenmeyer flask.
3. Add desired amount of agarose powder in the HAuCl4.3H2O solution.
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4. Place the Erlenmeyer flask on the hotplate with magnetic stirrers in it and set it to medium
heat.
5. The medium heat doesn’t allow the water in the solution to evaporate.
6. Add 10ml trisodium citrate solution drop by drop using 1ml pipette when the composite
solution in the Erlenmeyer flask is clear and starts boiling.
7. After certain amount of time, the solution turns ruby red indicating the formation of gold
nanoparticles.
8. Allow the solution to cool down below room temperature.
9. Gradually the solution starts gelling and becomes a soft gel.

3.3.3 The Third Method of Incorporation
This method involves the incorporation of gold nanoparticles by preparing the gold
nanoparticles first by citrate reduction method. Agarose powder is added to the colloidal gold
solution and then microwaved to get a transparent solution. After the solution is cooled down, the
gel is formed with gold nanoparticles incorporated in the agarose hydrogel. The results expected
are that the colloidal gold solution will be more acidic in nature because more citrate should be
added to the tetrachloroaurate trihydrate HAuCl4.3H2O solution to reduce and get gold
nanoparticles when compared to the previous methods.
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3.3.3.1 Process Flow of Third Method
Prepare desired concentration of
HAuCl4.3H2O solution
Heating on the hotplate with stirring

Reduce the HAuCl4.3H2O solution with
Na3C6H5O7.2H2O by adding
drop by
Reduction
onl
drop
Addition with citrate

Solution turns ruby red indicating the
formation of gold nanoparticles
Cooled down

Add desired amount of agarose powder
to the colloidal gold solution

Heat the mixture in mirowave oven
The solution is continuous mixed and
heated to get transparent solution
Cooled down below room temperature

The solution is cooled down and thus the
gel is formed

Figure 3.4 Process flow for third method of incorporation.
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3.3.3.2 Step-by-Step Procedure
1. Prepare the desired concentrations of tetrachloroaurate trihydrate HAuCl4.3H2O and
trisodium citrate Na3C6H5O7.2H2O by using the molar concentration formula.
2. Transfer the HAuCl4.3H2O solution into the 250ml Erlenmeyer flask.
3. Take 10 ml of trisodium citrate solution.
4. Place the Erlenmeyer flask with 100ml tetrachloroaurate trihydrate HAuCl4.3H2O on the
hotplate with magnetic stirrers in the solution.
5. When the solution starts boiling, add trisodium citrate solution drop by drop to the flask
using 1 ml pipette.
6. The tetrachloroaurate trihydrate solution changes color gradually and becomes ruby red
indicating the formation of gold nanoparticles.
7. Turn off the heat and stir and take off the flask from the hotplate.
8. Allow the colloidal gold solution (gold nanoparticles) to cool down.
9. Weigh the desired amount of agarose powder and add it to the flask with gold
nanoparticles.
10. Microwave the solution with agarose powder couple of times by mixing it thoroughly in
between, till the agarose is completely dissolved in the solution (solution should be
transparent).
11. As the temperature drops below room temperature, it turns into gel.
12. Thus the agarose gel incorporated with gold nanoparticles is formed.
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3.4 Current Work
3.4.1 Samples Description
Nine samples were made with different concentrations and three different methods.

3.4.1.1 Sample 1
Sample 1 was prepared by using first method of incorporation. The concentrations of the solutions
are:
The molecular weight of tetrachloroaurate trihydrate HAuCl4.3H2O is 339.785 g.mol-1 . Using the
formula

𝐶=

𝑚
1
×
𝑣
𝑀𝑊

For v = 100 ml, C = 0.1x 10-3 molar; the mass of trihydrate HAuCl4.3H2O needed is:
m = 100 x 0.1x 10-3 x 339.785 = 0.00339785 g = 3.39785 mg. The desired amount of agarose
powder is 2g.

3.4.1.2 Sample 2
Sample 2 was prepared by using second method of incorporation. The concentrations of
the solutions are:
For v = 100 ml, C = 0.1x 10-3 molar; the mass of trihydrate HAuCl4.3H2O needed is:
m = 100 x 0.1x 10-3 x 339.785 = 0.00339785 g = 3.39785 mg. The molecular weight of trisodium
citrate Na3C6H5O7.2H2O is 294.10 g.mol-1.
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For v = 10 ml, C= 0.1 x 10-3 molar; m= 10 x 0.1x 10-3 x 294.10 = 0.29410g of trisodium citrate. The
desired amount of agarose powder is 2g.

3.4.1.3 Sample 3
Sample 3 was prepared by using third method of incorporation. The concentrations of
tetrachloroaurate trihydrate and trisodium citrate are same as sample 2. The desired amount of
agarose powder is also same as samples 1 and 2.

3.4.1.4 Sample 4
Sample 4 was prepared by using first method of incorporation. The concentrations of the
solutions are:
For v = 100 ml, C = 0.1x 10-3 molar; the mass of trihydrate HAuCl4.3H2O needed is:
m = 100 x 0.1x 10-3 x 339.785 = 0.00339785 g = 3.39785 mg. The desired amount of agarose
powder is 1g.

3.4.1.5 Sample 5
Sample 5 was prepared by using second method of incorporation. The concentrations of
the solutions are:
For v = 100 ml, C = 0.1x 10-3 molar; the mass of trihydrate HAuCl4.3H2O needed is:
m = 100 x 0.1x 10-3 x 339.785 = 0.00339785 g = 3.39785 mg.
The molecular weight of trisodium citrate Na3C6H5O7.2H2O is 294.10 g.mol-1.
For v = 10 ml, C= 0.1 x 10-3 molar; m= 10 x 0.1 x 10-3 x 294.10 = 0.29410g of trisodium citrate.
The desired amount of agarose powder is 1g.
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3.4.1.6 Sample 6
Sample 6 was prepared by using third method of incorporation. The concentrations of
tetrachloroaurate trihydrate and trisodium citrate are same as sample 5. The desired amount of
agarose powder is also same as samples 4 and 5.

3.4.1.7 Sample 7
Sample 7 was prepared by using first method of incorporation. The concentrations of the
solutions are:
For v = 100 ml, C = 0.2x 10-3 molar;
The mass of trihydrate HAuCl4.3H2O needed is: m = 100 x 0.2 x 10-3 x 339.785 = 0.0067957 g =
6.7957 mg. The desired amount of agarose powder is 2g.

3.4.1.8 Sample 8
Sample 8 was prepared by using second method of incorporation. The concentrations of
the solutions are:
For v = 100 ml, C = 0.2x 10-3 molar; the mass of trihydrate HAuCl4.3H2O needed is:
m = 100 x 0.2 x 10-3 x 339.785 = 0.0067957 g = 6.7957 mg. The molecular weight of trisodium
citrate Na3C6H5O7.2H2O is 294.10 g.mol-1.
For v = 10 ml, C= 0.1 x 10-3 molar; m= 10 x 0.1 x 10-3 x 294.10 = 0.29410g of trisodium citrate.
The desired amount of agarose powder is 2g.
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3.4.1.9 Sample 9
Sample 9 was prepared by using third method of incorporation. The concentrations of
tetrachloroaurate trihydrate and trisodium citrate are same as sample 8. The desired amount of
agarose powder is also same as samples 7 and 8.
Table 3.1: Samples description table
Concentrations

A: 0.1milliMolar

A: 0.1milliMolar

A: 0.2milliMolar

B: 0.1milliMolar

B: 0.1milliMolar

B: 0.1milliMolar

C: 2g

C: 1g

C: 2g

Method
First

Sample 1

Sample 4

Sample 7

Second

Sample 2

Sample 5

Sample 8

Third

Sample 3

Sample 6

Sample 9

A: Tetrachloroaurate trihydrate; B: Trisodium citrate; C: Agarose

Chapter 4
Transmission Electron Microscopic Analysis of the Samples
A beam of electrons is passed through a mesh grid on which the sample is coated. The
electrons transmitted will interact with the sample on the mesh grid (Figure 4.1). This interaction
image is enlarged and focused on to an imaging device like photographic films, fluorescent screens
or charge-coupled devices like cameras. The TEM has ability to image at very high resolutions.
The TEM images of gold nanoparticles in nine samples prepared by methods mentioned in the
previous chapters are shown in this chapter.

Figure 4.1 TEM grid.
.
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4.1 Samples Images
4.1.1 Sample 1
Figure 4.2 shows the formation of gold nanoparticles in sample 1 very clearly. From 20K
magnification and 0.5µm scale, the size of the gold nanoparticles are 10nm approximately. As the
gel is not uniformly spread on the TEM grid, we cannot get the exact distance the gold
nanoparticles because the particles are scattered at different distances. The average distance
between the particles is 125nm. From this image, it is inferred that agarose is also a good reducing
agent. This can overcome the disadvantage of high pH colloidal gold solution prepared by
reducing with high amount of trisodium citrate to get very small sized nanoparticles.

Figure 4.2 TEM image of sample 1.

4.1.2 Sample 2
As there are two reducing agents present in this sample, the tetrachloroaurate trihydrate is
more reduced, and small-sized gold nanoparticles are formed when compared to the first
sample. The size of the gold nanoparticles in this sample is 1nm. The average distance between
the nanoparticles is 25nm. In Figure 4.3, the particles are approaching each other. There are
particles with very small interparticle distance and there are also particles completely merged.
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Figure 4.3 TEM image of sample 2.

4.1.3 Sample 3
As the gel on the grid is very thick, the electron beam couldn’t penetrate into the sample.
Only on some part of the grid, it is magnified and focused to get the image. Figure 4.4 shows
the formation of gold nanoparticles inside the gel. The size of the nanoparticles is 13nm. The
average distance between the nanoparticles is 65nm approximately. There are some particles
coming closer and merging with the other nanoparticles. The inter-particle distance is
decreasing of that.

Figure 4.4 TEM image of sample 3.
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4.1.4 Sample 4
The sample on the grid is so thick that the electron beam cannot penetrate. In Figure 4.5,
the actual size of the nanoparticles cannot be determined because the particles are covered by
gel very thickly. From the magnified and focused image in Figure 4.6, the size of the gold
nanoparticles is nearly 12nm. The inter-particle distance is approximately 80nm.The gold
nanoparticles formed in this sample are clearly mono-disperse

Figure 4.5 TEM image of sample 4.

Figure 4.6 TEM magnified image of sample 4.
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4.1.5 Sample 5
The sample on the TEM grid was so thick that the electron beam can’t penetrate. The size
of the nanoparticles is nearly 8nm. From the Figure 4.7, it clearly shows that the gold nanoparticles
are clearly and completely formed and they are merging together. As the gold nanoparticles are so
close to each other, the inter-particle distance is also very small. The image just shows the
formation of nanoparticles in the agarose gel.

Figure 4.7 TEM image of sample 5.

4.1.6 Sample 6
From the Figure 4.8, the gold nanoparticles are formed completely in sample 6. The size of
the nanoparticles is approximately 5nm. The average inter-particle distance is nearly 125nm. The
particles in the sample are coming together and merging. The inter-particle distance between the
agglomerated particles is so small when compared to the actual average inter-particle distance,
which indicates that the particles in the gel formed clusters.
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Figure 4.8 TEM image of sample 6.

4.1.7 Sample 7
From Figure 4.9, the gold nanoparticles are clearly formed in sample 7. The particles in this
image clearly shows that the gold nanoparticles formed in this sample are spherical and
mono-disperse. The size of the particles is nearly 20nm. The average inter-particle distance is
approximately 200nm. The agarose is purely acting as a reducing agent. This can overcome the pH
problems caused by citrate reduction method.

Figure 4.9 TEM image of sample 7
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From figure 4.9, the gold nanoparticles are clearly formed in sample 7. The particles in this
image clearly shows that the gold nanoparticles formed in this sample are spherical and
mono-disperse. The size of the particles is nearly 20nm. The average inter-particle distance is
approximately 200nm. The agarose is purely acting as a reducing agent. This can overcome the pH
problems caused by citrate reduction method.

4.1.8 Sample 8
The Figure 4.11 shows that the gold nanoparticles are clearly formed in the agarose gel.
The size of the gold nanoparticles in sample 8 is nearly 16nm. The inter-particle distance is
approximately 125nm. The particles in the gel are coming closer and forming clusters. The
inter-particle distance is decreasing and almost zero in the clusters. The Figure 4.11 shows the
formation of clusters clearly.

Figure 4.10 TEM image of sample 8.
.
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Figure 4.11 TEM image of sample 8 with 50K X magnification.

4.1.9 Sample 9
From Figure 4.12, the formation of gold nanoparticles in the agarose gel is very clear. The
size of the nanoparticles is nearly 22nm. The inter-particle distance is approximately 45nm. The
particles in this sample are also coming closer and forming cluster. The inter-particle distance at
some areas is nearly zero, indicating the agglomeration of particles.

Figure 4.12 TEM image of sample 9

34

Table 4.1: TEM Image Analysis
Samples

Size of the gold

Inter-particle

Cluster

nanoparticles

distance

Formation

1

10 nm

125 nm

No

2

1 nm

25 nm

Yes

3

13 nm

60 nm

Yes

4

12nm

80 nm

No

5

8 nm

-

Yes

6

10 nm

125 nm

Yes

7

20 nm

200 nm

No

8

16 nm

125 nm

Yes

9

22 nm

45 nm

Yes

4.2 Analysis of Transmission Electron Microscopy Data


From the Table 4.1, the size of the nanoparticles varies for every sample made using three
different methods. When compared to three methods, the size of the nanoparticles formed
by the second method is small. The second method has both agarose and citrate to reduce
hydrogen tetrachloroaurate trihydrate. In the first method, hydrogen tetrachloroaurate
trihydrate is reduced only by agarose, and in the third method, the gold nanoparticles are
formed with citrate reduction method, and after that, agarose is added to colloidal gold
solution. So, the size of the gold nanoparticles formed by first and third methods is
comparatively larger than the particles prepared using second method.
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From the table above, one more thing can be inferred. The gold nanoparticles of samples
formed by method 1 are monodisperse whereas the particles of samples made by method 2
and 3 are merging and forming clusters which could be observed by decrease in
inter-particle distance. This can be due to the presence of two reducing agents and also high
pH of trisodium citrate.

Chapter 5
Optical Studies of Gold Nanoparticles Incorporated into Agarose Gel
Ultraviolet spectroscopy is a method used to access the light that is absorbed or scattered by a
sample. The sample is placed between a light emitter and the photodetector. The electrons in the
sample absorb the light energy and excite to the higher energy states. The intensity of beam of light
passed through the sample is measured. The clear dispersed medium like double-distilled water is
placed between the light source and photodetector in a cuvette in one of the ports. The data of the
sample is derived by taking the clear dispersing medium as reference. The data is plotted with
respect to function of wavelength. The gold nanoparticles have the property of very strong
interaction with particular wavelengths. The ultraviolet spectroscopy characterization of gold
nanoparticles in agarose gel is done in Perkin Elmer UV spectrometer (Figure 5.1) at lambda 35.

Figure 5.1 Perkin Elmer UV spectrometer.
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5.1 Results and Analysis
The gold nanoparticles are prepared by citrate reduction method and optical properties
were measured at every instance of color change from pale yellow to ruby red. The UV-Vis results
are:

Absorbance (a.u)

Wavelength Vs Absorbance
0.85
0.8
0.75
0.7
0.65
0.6
0.55
0.5
0.45
0.4

2min
5min
8min
11min
15min
20min
450

500

550

600

Wavelength in nm

Figure 5.2 Wavelength versus absorbance for gold nanoparticles at different instances.
The gold nanoparticles are formed from pale yellow to ruby red reduction of hydrogen
tetrachloroaurate. The samples are collected at different instances when the solution of pale
yellow, purple, pink, red and ruby red. The UV-Vis measurements indicate that there is a peak shift
from higher to lower wavelengths as the color changes from pale yellow to ruby red.
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The nine samples (gold nanoparticles embedded in agarose gel) prepared using three
methods were characterized twice and aging analysis is done. At a time difference of 15 days, the
aging analysis is done. The results of the UV spectroscopy are:
Wavelength Vs Absorbance

Wavelength Vs Absorbance
1

2

4

2

3

5

6

1.5

1.5

Absorbance

Absorbance

2

1

1

0.5

0.5

0

0
400

500
600
Wavalength in nm

Figure 5.3 Wavelength versus absorbance for
samples 1, 2, 3.
Wavelength Vs Absorbance
1.5

7

8

400

700

500
600
Wavalength in nm

700

Figure 5.4 Wavelength versus absorbance for
samples 4, 5, 6.
1.2

Wavelength Vs Absorbance
1

9

4

7

Absorbance

Absorbance

1
0.8

1

0.6
0.4

0.5

0.2
0

0
400

500

600

700

Wavalength in nm
Figure 5.5 Wavelength versus absorbance for
samples 7, 8, 9.

400

500

600

700

Wavalength in nm
Figure 5.6 Wavelength versus absorbance for
samples 1, 4, 7.

Wavelength Vs Absorbance
2

Wavelength Vs Absorbance
1.8

5

0.8

1.6

0.7

1.4

Absorbance

Absorbance

0.9

0.6

3

6

9

1.2

0.5
0.4

1

0.8

0.3

0.6

0.2

0.4

0.1

0.2

0

0
400

500

600

700

400

Wavalength in nm
Figure 5.7 Wavelength versus absorbance for
samples 2, 5, 8.

500

600

700

Wavalength in nm
Figure 5.8 Wavelength versus absorbance for
samples 3, 6, 9.

All the samples have the peaks around 520 nm. The samples 3, 6, 9 have the peaks very
narrow and clearly formed. In Figure 5.6, the samples made by second method is having the peak
at the minimum wavelength indicating the size of the gold nanoparticles are small compared to
other samples prepared by methods 1 and 2. Pre-prepared gold nanoparticles incorporated into
agarose gel in method 3 are spherical and this explains why the peaks are so narrow for samples 3,
6, 9 in Figure 5.7. From samples 2, 5, 8, sample 2 has the peak at lower wavelengths indicating the
gold nanoparticle size less than the other two samples.
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5.2 Aging Analysis of UV Spectroscopy Results
5.2.1 Comparing the Original Results with Results from UV Spectroscopy
Measurements Done After 15 Days
The UV measurements were done for the samples 1 to 9 after the 15 days of preparation.
These results were compared with the original results (measured immediately after preparation).
The samples after 15 days are numbered from 11 to 19 (Figure 5.9 - 5.17)

Figure 5.9 UV spectroscopy aging analysis
of sample 1.

Figure 5.10 UV spectroscopy aging analysis
of sample 2.

Figure 5.11 UV spectroscopy aging
analysis of sample 3.

Figure 5.12 UV spectroscopy aging analysis
of sample 4.
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Figure 5.13 UV spectroscopy aging analysis
of sample 5.

Figure 5.14 UV spectroscopy aging analysis
of sample 6.

Figure 5.15 UV spectroscopy aging analysis
of sample 7.

Figure 5.16 UV spectroscopy aging analysis
of sample 8.
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Figure 5.17 UV spectroscopy aging analysis of sample 9.
For samples 1, 4 and 7 the UV spectroscopy results after 15 days are the same as the
original results. There is no shift in peak or secondary peaks formed in the red regions. For all the
other samples, there is difference in plots after 15 days. There is a shift in the peak towards the
higher wavelengths and there are secondary peaks formed for some of the samples. The secondary
peaks are not clearly observable in the red regions for some samples from these figures. The shift
in peaks to higher wavelengths are due to the formation of particle clusters in the gel. The
secondary peaks are clearly formed only when the clusters are big enough to form the peak in the
red region. Only the samples made by method 2 and 3 are shifting peaks to the higher wavelengths.

Chapter 6
Electrical Studies of Gold Nanoparticles Incorporated into Agarose Gel
The electrical measurements were done using the electrochemical impedance
spectroscopy. The impedance, capacitance and resistance were measured as a function of
frequency with a given constant voltage. The electrodes were prepared using the rubber cork
cap, needles and rubber sheet for making the needles to stand (Figure 6.1).

Figure 6.1 Electrodes designed for impedance measurements.
The needles are made to pass through the cork of the cap. The two needles are supported to
stand still using rubber sheet. The two needles are positive (anode) and negative (cathode). The
distance between the two electrodes is 1 cm. The impedance spectrometer used is Webinar
electrochemical impedance spectroscopy. The input voltage is constant and set to 1 volt and
frequency is made to sweep from 100 KHz to 100 MHz.
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The real impedance versus imaginary impedance is plotted in Figure 6.2, and from that it
can be inferred that the samples with no citrate are showing the maximum resistance. The samples
with citrate are having the resistance almost equal to zero. The sample 7, which has more amount
of tetrachloroaurate trihydrate, is showing less resistance than the samples 1 and 4 which are also
made with method 1. From this it can be inferred that it has more conductivity.

Z imag (ohms)

No Citrate

0

1,000

2,000

3,000

4,000

5,000

6,000

Z Real (ohms)
1

2

3

4

5

6

7

8

9

Figure 6.2 Real impedance versus imaginary impedance plot.
The real impedance of sample 4 is high when compared to other samples in Figure 6.3. The
samples 1, 4 and 7 are having some impedance and the rest of all the samples are having zero
impedance as the frequency increases. The samples prepared with method 1 which have only
agarose are showing more resistance when compared to all the samples having citrate reducing
agent.
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F Vs Z real
6.0E+3
5.0E+3

z real(ohms)

4.0E+3
3.0E+3
2.0E+3
1.0E+3
0.0E+0
0.0E+0

4.0E+3

1

2

3

8.0E+3

4

5

1.2E+4

6

7

8

1.6E+4

9

frequency in Hz
Figure 6.3 Frequency versus real impedance plot for all samples.
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6.1 Aging Analysis of Impedance Measurements
The impedance and capacitive measurements were done immediately after preparing the
gels and also after 15 days to get aging analysis (Figure 6.4-6.5).

Figure 6.4 Aging analysis of frequency versus real impedance plot. (a) Sample 1. (b) Sample 2. (c)
Sample 3. (d) Sample 4.

47

Figure 6.5 Aging analysis of frequency versus real impedance plot. (a) Sample 5. (b) Sample 6. (c)
Sample 7. (d) Sample 8. (e) Sample 9.
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As the time passes, the impedance of all the samples are decreasing drastically. The
resistance is indirectly proportional to the pore size of the agarose gel. The water in the gels is
evaporating and the pores of the gels are extending to fill the gaps of the water evaporated. As the
pore size is increasing, the resistance of the samples is decreasing. This explains the reason for the
impedance drop over the time. Capacitive reactance measurements are shown in Figure 6.5.
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Figure 6.6 Frequency versus capacitive reactance. (a) Sample 1. (b) Sample 2. (c) Sample 3. (d)
Sample 4.
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Figure 6.7 Frequency versus capacitive reactance. (a) Sample 5. (b) Sample 6. (c) Sample 7. (d)
Sample 8. (e) Sample 9.
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For all the samples, the capacitive reactance is decreasing as the frequency increases. The
capacitance is approaching zero for some samples. The samples made with high agarose has less
capacitance and more resistance. The agarose is much acting as an insulator.

Chapter 7
DNA Electrophoresis of Agarose Gel Nano-Composite

The PUC18 DNA is made and purified for the electrophoresis. The ladder with 2686 base pairs
is taken as reference. The weight of the DNA used is 231.5 ng/µl. one µl of ethidium bromide is
added to the gel which makes the DNA and ladder to be visible under the UV light after running
the gel (ethidium bromide stained with the DNA and ladder becomes fluorescent under the UV
light). The buffer solution acetate is put in the kit as a medium which provides the ions to carry the
current. The wells are loaded with ladder and PUC18 DNA (mixed with dye). A voltage of 100V is
applied for the DNA to move.
The results of the DNA electrophoresis are shown in Figures 7.1 – 7.8.

Figure 7.1 PUC 18 DNA in a 1% plain agarose gel.
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Figure 7.2 PUC18 DNA in 2% agarose gel with gold nanoparticles (sample 1 with 50% water).

Figure 7.3 PUC18 DNA in 2% agarose gel with gold nanoparticles (sample 2 with 50% water).

Figure 7.4 PUC18 DNA in 2% agarose gel with gold nanoparticles (sample 3 with 50% water).
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Figure 7.5 PUC18 DNA in 1% agarose gel with gold nanoparticles (sample 4).

Figure 7.6 PUC18 DNA in 1% agarose gel with gold nanoparticles (sample 5).

Figure 7.7 PUC18 DNA in 1% agarose gel with gold nanoparticles (sample 6).
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From Figures7.2, 7.3 and 7.4, the gels of samples 1, 2 and 3 with 2% agarose were taken
and added with 50% of double-distilled water to it to make it 1% gel because PUC18 DNA is
difficult to move in 2% gel. The gel is made to run at 100V for 55 minutes. For sample 1, the
DNA could move inside the gel but didn’t get separated because of the large base pairs of the
DNA. For sample 2, the DNA didn’t move out of the well. This can be due to either the large
base pairs of the DNA or the small pore size of the gel, or due to more number of particles in
the gel, the DNA could not move in the gel. For sample 3, DNA could traverse through the gel
but didn’t separate due to the large base pairs of the DNA.
The samples 4, 5 and 6 are run at 95V for 45 minutes where we could observe the DNA
movement and separation without any smudge. For sample 4 with 1% agarose gel and gold
nanoparticles, some part of DNA could move out of the well and separate. The less density of
the gel might be the reason for the DNA to move. For samples 5 and 6, only some part of DNA
could move out of the well and separate. This can be due to the pore size of the samples 5 and
6 could be large enough for the DNA to move through it and get separated even though the
clusters are blocking the way for the DNA to move easily through the gel.

Chapter 8
Conclusion and Future Scope
8.1 Conclusion
Three methods were used to prepare nine samples. From the TEM images it can be
concluded that the samples made using methods 2 and 3, i.e., using citrate reduction, the gold
nanoparticles are forming clusters because of the presence of high-pH citrate. The samples 1, 4 and
7 made with only agarose reduction have the gold nanoparticles which are monodisperse. Because
of the presence of two reducing agents and also due to high pH of citrate, gold nanoparticles are
agglomerating and forming clusters.
The optical studies of the samples show that the samples 1, 4 and 7 do not shift in peak after
15 days period, but the rest of the samples are shifting the peak towards the longer wavelengths
and also forming secondary peaks in the red regions. The shift in peak and formation of secondary
peaks can be due to the clusters formed in the samples. The electrical studies of the samples show
that, as the water evaporates and the pore size increases, the resistance is decreasing which
indicates that porous nature is inversely proportional to resistance. The capacitive reactance is
decreasing drastically with increase in frequency, which indicates that 1/2πfC is proved. DNA
electrophoresis results show that as there are more number of particles in the gel, it makes DNA
difficult to move through the gel and get separated. The samples which formed clusters are
blocking the way for the DNA to move through the gel easily.
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8.2 Future Scope
The citrate reduction is not a well suitable method for the preparation of gold nanoparticles.
Even though gold nanoparticles are prepared using citrate reduction method, the stabilizing agents
should be used to coat the gold nanoparticles, which will prevent the gold nanoparticles from
forming the clusters. To avoid high-pH problems, trisodium citrate has to be replaced with sodium
borohydride. Method 1 is well suitable for making good biomedical sensing devices. If the
agglomeration problems are solved using the above mentioned solutions, then methods 2 and 3 can
also make good sensing devices. The resistance and capacitance of the gels can be measured by
coating the gels which acts as dielectric medium on the glass plates and by placing the electrodes at
the ends of the glass plate. The gels can be coated on the silicon wafers and build some electronic
devices which need more resistance.
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